The anti-SGP reacting protein, the designation for the whey protein which react with the antiserum to the soluble glycoprotein (SGP) isolated from milk fat globule membrane, was studied immunologically and electrophoretically, using the fractions obtained by gel filtration on Bio Gel A-0.5m or chromatography on DEAE-cellulose of the component-3, -5 and -8 fractions of the proteose-peptone of bovine milk. The results of analyses on quantitative simple radial immunodiffusion, double immunodiffusion, immunoelectrophoresis, and disc electrophoresis of the obtained fractions suggested that a slow migrating band and band 3 were deeply in relation with the anti-SGP reacting protein.
anti-SGP reacting protein among three component fractions of protease-peptone had identical antigenicity, while the mobility of the precipitation lines of the anti-SGP reacting protein on immunoelectrophoresis were slightly different among each component fraction. The previous results also suggested that the anti-SGP reacting protein contained in the three component fractions had different molecular structure. It is, therefore, necessary to make clear differences of the anti-SGP reacting protein among the component-3, -5 and -8 fractions of protease-peptone. In the present study, immunological and electrophoretical properties of the anti-SGP reacting protein of three component fractions were examined, using the fractions obtained by gel filtration on Bio Gel A-0.5m and ion exchange chromatography on DEAE-cellulose of three component fractions. Structural relationship between the anti-SGP reacting protein and SGP was tried to elucidate.
Materials and Methods

Materials
Bio Gel A-0.5m (100-200 mesh) and DEAE-cellulose DE 52 were purchased from Bio-Rad Laboratories (Richmond, U. S. A.) and Whatman Ltd. (Maidstone, England), respectively. Agar (special agar nobel) and complete and incomplete Freund adjuvants were obtained from DEFCO Laboratories (Detroit, U. S. A.). Anti-bovine serum (rabbit) and bovine serum albumin were obtained from Miles Laboratories (Elkhart, U. S. A.).
Preparation of component-3, -5 and -8 fractions The proteose-peptone fraction was prepared and fractionated with ammonium sulfate to the component-3, -5 and -8 fractions by the method of NG et al.11) and KOLAR and BRUNNER12), as described previously10).
Preparation of soluble glycoprotein The soluble glycoprotein of MFGM was prepared from bovine milk by the procedure described previously3).
Immunological experiments Preparation of the antiserum to SGP of MFGM, Ouchterlony double immunodiffusion13), immunoelectrophoresis14), and quantitative simple radial immunodiffusion15) were performed as described in the previous papers9,10).
Gel filtration
0.1M Tris-HCl buffer, pH8.6, containing 0.02% sodium azide. Protein was eluted with the same buffer and monitored at 280nm. A flow rate was 11ml per hour. The eluted fractions were dialyzed against distilled water and freeze-dried.
Ion exchange chromatography DEAE-cellulose DE 52 washed with acid and base was equilibrated with 0.01M tive pressure.
After equilibration with the starting buffer, protein dissolved in the starting buffer was applied to the column. The elution was performed with a linear gradient of 600ml of each of 0.01 and 0.5M Tris-phosphoric acid buffer, pH8.6.
At the end of the gradient elution, the materials still bound to the column was eluted with 0.5 or 1.0M Tris-phosphoric acid buffer, pH8.6. The flow rate was 50ml per hour and the concentration of protein was scanned at 280nm. The eluted fractions were dialyzed against distilled water and freeze-dried. Electrophoresis Disc electrophoresis was performed by the procedure of DAVIS16) as described previously10). Acrylamide concentration was 9%. Polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate (SDS-PAGE) was carried out by the method of WEBER and OSBORN17). Acrylamide concentration was 10%. Protein and carbohydrate were stained with coomassie brilliant blue R-250 and periodic acid-Schiff reagent respectively, as decribed previously10).
Results and Discussion
Fractionation of component-3, -5 and -8 Each component was fractionated into 5 to 6 fractions by gel filtiation on Bio Gel A-0.5m (Fig. 1 ). Elution patterns of three component fractions were almost similar except that the fraction 2 observed in the component-3 and -8 was lacking in the component-5 and the fraction 4 of the component-8 was relatively eluted more slowly than that of the component-3 and -5. Distribution of total protein in each fraction recovered through the column was shown in Table 1 Table 2 . Most of protein was recovered in the fraction 9 and 10, fraction 6 to 8, and fraction 10 and 12 for the component-3, -5 and -8, respectively.
Concentration of anti-SGP reacting protein The concentration of the anti-SGP reacting protein in each fraction obtained by Bio Gel A-0.5m and DEAE-cellulose was measured by the quantitative simple radial immunodiffusion analysis (Table 1 and tive component may be different.
Electrophoretic properties The fractions obtained by gel filtration were analyzed on disc gel electrophoresis (Fig. 3) . Each component fraction contained many bands. Band 3, 5 and 8 were specific and major for the component-3, -5 and -8, respectively, in agreement with the previous results10). Band 3 also was densely observed in the fractions which were rich in the amounts of the anti-SGP reacting protein: the fraction 2, 1 and 2 for the component -3, -5 and -8, respectively. It was suggested that band 3 related to the anti-SGP reacting protein.
Disc electrophoretic analysis of the fraction obtained by DEAE-cellulose chromatography revealed more detailed patterns for the anti-SGP reacting protein, especially for the component-3 (Fig. 4) . A broad band having relatively smaller mobility than that of band 3 was eluted in the fraction 2 to 4 for the component-3. Band 3 was eluted in the fraction 5 to 10. In the component-5, band 3 was detected in the fraction 4 to 8 but not so dense as that of the component-3. A slower migrating band was not observed. In the component-8, a slower migrating band in the fraction 3 was ( Table 2 ). Fig.1 for Bio Gel A-0.5m and Fig.2 for DEAE-cellulose. III shows the cross reactivity among the components. Center well contains the antiserum to SGP. 
Immunological properties
On double immunodiffusion assays, the precipitation lines of total proteose-peptone, the component-3, -5 and -8 fused with the major line of SGP (Fig.5-I ), in ageement with the previous results9,10). Of the fractions obtained by gel filtration, the fraction 1 to 5 of the component-3, fraction 1 and 2 of the component-5, and fraction 2 and 3 of the component-8 were profoundly reacted with the antiserum to SGP and the pecipitation lines fused one another (Fig.5-I ). In addition, of the fractions obtained by DEAE-cellulose chromatography, the fraction 2 to 10 of the component-3, fraction 2 to 8 of the component-5, and fraction 1 and 3 to 5 of the component-8 showed positive reaction to the anti-SGP (Fig.5-II) . They also depicted the fused precipitation lines.
The fractions, which have almost similar mobility on immunoelectrophoresis, among three component fractions fused with each other to the anti-SGP (Fig.5-III) .
The results suggest that antigens shown the positive reaction have a set of identical determinant group to the anti-SGP, in agreement with the previous results10).
Immunoelectrophoretic patterns showed the presence of multiple forms of the anti-SGP reacting protein in the fractions obtained herein (Figs.6 and 7) . In general, the results with respect to reactivity to anti-SGP were in agreement with those of double immunodiffusion and simple radial immunodiffusion assays. The fractions obtained by gel filtration depicted a long precipitation line from the origin. Furthermore, immunoelectrophoretic patterns of the separated fractions of the component-3 through DEAE-cellulose showed that the migrating rate of the precipitation line increased in the order of the eluted fraction. Such behavior was also observed in both the component-5 and -8. A long precipitationline observed in the fraction obtained by gel filtration was likely to contain the anti-SGP reacting protein corresponding to the several fractions separated by ion exchange technique. Especially, band 3 which has similar mobility on disc electrophoretic pattern showed the increased mobility in the eluted order on agar gel, as seen in Figs.4-A and 7-A. (Fig.8-II) .
More detailed patterns were shown in Fig.8 -III and -IV, in which the lines of such protein were different The anti-SGP reacting protein, therefore, is not originated from bovine serum. The protein which react with anti-bovine serum was not identified in the present study.
Comparison of anti-SGP reacting protein with SGP SGP is known to be consisted of eight polypeptides and also to be heterogeneous immunologically4,5). In order to elucidate the structural relationship between the anti-SGP reacting protein and SGP, the fraction rich in the anti-SGP reacting protein obtained by chromatography on DEAE-cellulose of the component-3, -5 and -8 were analyzed on SDS-PAGE (Fig.9) . By both protein and carbohydrate staining, the fractions analyzed herein consisted of many polypeptides. The major polypeptide, band A, was found commonly throughout the analysed fractions. Band A also corresponded to the major band of SGP; CB-I+II (PAS-IV+V)4). Patterns of the fraction 3 (1 and 5 of Fig.9 ) of the component-3 and -8, which are the most abundant in the anti-SGP reacting protein, were very similar to that of SGP by protein staining. By carbohydrate staining, however, their fractions did not contain glycopeptides with relatively high molecular weights as detected in SGP. Band A probably corresponds to the slow Electrophoretic patterns on polyacrylamide gels in the presence of sodium dodecyl sulfate of the major fractions obtained by DEAE-cellulose chromatography of the component-3, -5 and -8 . A. protein staining; B, carbohydrate staining. 1, 2 and 3 were the fraction 3, 5 and 9 of the component-3, respectively; 4, fraction 3 of the component-5; 5, fraction 3 of the component-8. A symbol for polypeptides of SGP was in accordance with the previous paper 4). Apparent molecular weights of polypeptides of SGP were 88,000 for PSA-I, 40,000 for PAS-II, 33,000 for PAS-III, 20,000 for PAS-IV (CB-I), 17,000 for PAS-V (CB-II), and 12,000 for PAS-VI4).
Forms of Anti-SGP Reacting Protein migrating band detected on disc electrophoresis (Fig. 4) . On the other hand, band B was detected as the major polypeptide in the fraction 9 of the component-3 by both staining (Fig. 9-3 ). This band corresponds to band B' of SGP, which is detectable faintly by protein staining but not by carbohydrate staining. Band B may be dissociated from band 3 with SDS ( Fig. 3 and 4) . Two polypeptides (A and B) were likely to be common to both the anti-SGP reacting protein and SGP and to be the cause of a set of antigenic determinant group to the anti-SGP. In addition, it was considered that the multiple forms of the anti-SGP reacting protein was formed by intermolecular association of two major polypeptides with other minor polypeptides. The anti-SGP reacting protein, therefore, seemed to have different mobility on immunoelectrophoresis and depict complete fusion rather than spur to the anti-SGP on double immunodiffusion. Further resolution of structural and immunological relationship between the anti-SGP reacting protein and SGP must await up to purification of the specimen which is in progress.
